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(54) Optical Disk Data Recording/Reproducing Apparatus and Method Thereof 



The present invention relates to an optical disk recording/reproducing apparatus and 
method wherein any recording errors can be prevented by variably adjusting the recording speed 
of an optical disk recording/reproducing apparatus or temporarily delaying the recording process 
in a case where a buffer underrun phenomenon occurs due to an abmpt reduction in an process 
speed of a host system. 

The data recording method using the optical disk recording/reproducing apparatus 
comprises the steps of assigning an amount of data remaining in a buffer to a plurality of 
addresses, and sending a notification signal to a microcomputer whenever the amoimt of data 
deviated from a predetermined value assigned to each address; turning off a laser power and 
increasing or decreasing a spindle motor speed so that a recording speed can be varied according 
to the notification signal, and then resuming a recording process after the speed becomes stable; 
and interrupting the recording process if a certain period of time lapses after the amount of data 
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in the buffer becomes less than the lowest value, whereby the recording speed can be variably 
adjusted according to a data transfer rate of a host system, and a buffer underrun phenomenon 
can also be prevented. 



Representative Figure 

Fig. 2 



SPECIFICATION 

Brief Description on the Drawings 

Fig. 1 is a block diagram of a conventional optical disk recording/reproducing apparatus; 
Fig. 2 is a block diagram of an optical disk recording/reproducing apparatus according to 
the present invention; 

Fig. 3 is a block diagram of a buffer checker according to the present invention; and 
Fig. 4 is a flow-chart showing a data recording method of the present invention. 
♦Reference numerals on main portions of the drawings* 
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1 1 : pickup device 

13: error signal generating unit 

15: servo signal processing unit 

17: audio signal processing unit 

19: microcomputer 

21: interface unit 

23: data modulating imit 

25, 26: motors 

28: multi-comparator 



Detailed Description of the Invention 
Object of the Invention 

Technical Field to Which the Invention Belongs and Prior Art 

The present invention relates to an optical disk recording/reproducing apparatus wherein 
any recording process interruption can be prevented by variably adjusting in advance a recording 
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speed or by delaying a recording process so that a buffer undemin phenomenon would not be 
produced while the recording process is performed. 

As shown in Fig. 1, a conventional optical disk recording/reproducing apparatus 
comprises a pickup device 11 for reading or recording data from or into an optical disk 10; a 
signal generating unit 12 for shaping output data from the pickup device 1 1 and generating an 
REC parameter signal, an RF EFM signal and an ATIP sync signal; an error signal generating 
xmit 13 for generating focus and tracking error signals based on the output data from the pickup 
device 1 1; a servo signal processing unit 15 for generating a servo signal based on output signal 
from the error signal generating unit 13; a digital signal processing unit 16 for decoding the servo 
signal from the servo signal processing unit 15 and outputting a servo control signal, and for 
decoding the EFM signal from the signal generating unit 12 and outputting the decoded signal; 
an audio signal processing unit 17 for converting the decoded EFM signal outputted from the 
digital signal processing imit 16 into an audio signal; a code conversion unit 18 for decoding the 
ATIP sync signal from the signal generating unit 12 and outputting the decoded signal, and for 
encoding and decoding a composite image signal and outputting the image signal; a driving unit 
14 for receiving the servo signal from the servo processing unit 15, the servo control signal from 
the digital processing imit 16 and the decoded ATIP sync signal from the code conversion unit 
18 and driving a motor 25 so as to rotate the optical disk 10 and for driving a motor 26 so that the 
pickup device 1 1 can be moved to perform focusing and tracking process of the pickup device 
11; a microcomputer 19 for receiving the REC parameter signal from the signal generating unit 
12 and the servo signal from the servo signal processing unit 15, and outputting the recording 
control signal, thereby controlling a system; a buffer 22 for receiving data from a host 20 via an 
interface 21 in response to instructions issued from the microcomputer 19 and outputting the data 
to an encoder of the code conversion imit 18; a data modulating unit 23 for modulating the 
composite image signal encoded by the code conversion unit 1 8 into recording data; and a power 
adjusting xmit 24 for adjusting power for a laser such that the data from the data modulating imit 
23 can be recorded onto the optical disk 10 through the optical pickup device 11 in response to 
the recording control signal from the microcomputer 19. 

At the operation of conventional optical disk recording/reproducing apparatus constructed 
as mentioned above, in case of reading the contents recorded on the disk, the driving imit 14 
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drives the optical pickup unit 1 1 to read the data from the optical disk 10, which are then sent to 
the signal generating unit 12. 

The signal generating unit 12 performs shaping operation of the data. This shaped data 
are sent to the digital signal processing unit 16 in which the data are converted into the EFM 
signal and the EFM signal is then decoded to produce 8-bit data. If the decoded data includes 
audio data, it is transmitted to the audio signal processing unit 17 to produce sounds. Otherwise, 
the decoded data is transmitted to a decoder of the code conversion unit 1 8 for decoding the data 
to produce ROM data. 

Further, the optical pickup device 11 provides the error generating unit 13 with an error 
signal contained in the data read from the optical disk 10. The signal transmitted to the error 
generating unit 13 is then inputted into the servo signal processing imit 15 which allows the 
pickup device 1 1 to control various disturbing factors occurring at the time of accessing the disk. 

On the other hand, in case of recording the data on the optical disk 10, the data, which is 
transmitted from the host 20 to the buffer 22 via the interface 21 under the control of the 
microcomputer 19, is encoded into the EFM signal by the encoder of the code conversion unit 24. 

Then, the encoded EFM signal is transmitted to the optical pickup device 11 via the data 
modulating unit 23 and the power adjusting unit 24, and then recorded on the optical disk 10. 

At this stage, in order to maintain the optimal recording environment, the servo signal 
processing unit 15 sends various kinds of the control signals to the code conversion unit 18, the 
data modulating xmit 23 and the microcomputer 19. The microcomputer 19 adjusts the power 
for the laser in response to the received control signal. 

Furthermore, the microcomputer 19 identifies whether any data exists in the buffer 22. 
If any data exists in the buffer 22, the microprocessor causes the data to be recorded onto the 
optical disk 10. Otherwise, the microcomputer 19 tums the laser power off and issues an error 
message to the host 20. 

However, the conventional optical disk recording and reproducing apparatus always 
performs the recording of the data at a constant recording speed when recording the data onto the 
optical disk 10. Thus, if a user selects a faster recording mode, all the data would be 
transmitted at a higher rate, and the host system would also load the data to be recorded onto the 
buffer at a rate corresponding to a higher transmission speed of the data. Also, since the 
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conventional optical disk recording/reproducing apparatus performs a real-time recording process, 
the laser power shoxxld not be turned off once the recording process begins. This means that 
turning off the laser could lead to damage the disk. 

However, the data transmission speed of either the host system or a hard disk driver often 
becomes slow temporarily, which may cause the recording speed of the optical disk 
recording/reproducing apparatus to be unsatisfying. In such a case, it leads to a phenomenon of 
"Buffer Underrun" meaning that the inner buffer of the optical disk recording/reproducing 
apparatus remains empty. Then, the microcomputer turns the laser power off, and transmits an 
error message to the host computer. Thus, the recording process is stopped, leaving the disk 
damaged or destroyed. Therefore, all data recorded thus far will be lost. 

Problems to be Solved by the Invention 

Accordingly, the present invention is designed to solve the problem of the prior art. An 
object of the present invention is to provide an optical disk recording/reproducing apparatus 
and method wherein any recording errors can be prevented by adjusting a recording speed of 
the optical disk recording and reproducing apparatus or temporarily delaying a recording 
process in a case where a buffer underrun phenomenon occurs due to an abmpt reduction in an 
process speed of a host system. 

Constitution and Operation of the Invention 

According to an aspect of the present invention for achieving the above object, there is 
provided a data recording method using an optical disk recording/reproducing apparatus, 
comprising the steps of assigning an amount of data remaining in a buffer to a plurality of 
addresses, and sending a notification signal to a microcomputer when the amount of data 
deviates from a predetermined value assigned to each address; turning off a laser power in 
response to the notification signal and then resuming a recording process if the amount of data is 
greater than the lowest predetermined value within a predetermined time period; and interrupting 
the recording process if a certain period of time lapses after the amount of data in the buffer 
becomes less than the lowest value, whereby the recording speed can be variably adjusted 
according to a data transfer rate of a host system and a buffer xmderrun phenomenon can also be 
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prevented. 

According to another aspect of the present invention, there is provided a data recording 
method using an optical disk recording/reproducing apparatus, comprising the steps of sending a 
notification signal to a microcomputer when an amount of data in a buffer becomes less than the 
lowest predetermined value; resuming a recording process if the amoimt of data is recovered 
above the lowest predetermined value within a certain period of time after turning off a laser 
power in response to the notification signal, and interrupting the recording process if a certain 
period of time lapses after the amount of data in the buffer becomes less than the lowest 
predetermined value. 

According to a further aspect of the present invention for achieving the aforesaid object, 
there are an optical disk recording/reproducing apparatus, comprising a buffer; and a buffer 
checker for identifying an amount of data remaining in the buffer notifying a microcomputer 
when the amount of data becomes less than the lowest predetermined value. 

Hereinafter, preferred embodiments of the present invention will be explained with 
reference to the accompanying drawings. 

Fig. 2 shows a block diagram of an optical disk recording/reproducing apparatus 
according to the present invention. 

As shown in Fig. 2, the present invention is configured such that a buffer checker 27 for 
identifying an amount of data remaining in a buffer 22 used in the conventional optical disk 
recording/reproducing apparatus is connected to the buffer 22. 

The other components of the present invention are identical with those of the 
conventional optical disk recording/reproducing apparatus, and like elements having the same 
functions are denoted as reference numerals. Therefore, the detailed description thereof will be 
omitted. The buffer checker 27 is configured as shown in Fig. 3. 

Namely, the buffer checker 27 comprises a multi-comparator 28, which generates a 
control signal for increasing or decreasing a recording speed based on the comparison of an 
address pointing to the most significant address for the data in the buffer 22 and the recording 
speed for the optical disk, or a control signal for stopping the drive of the laser power adjusting 
unit 24 when the host computer 20 is not properly operated. 

The control signal from the multi-comparator 28 is sent to the microcomputer 19. When 
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receiving the control signal, the microcomputer 19 functions to adjust a speed of a motor 25 
through the servo signal processing unit 15 and the drive unit 14 so that the recording speed is 
controlled or the laser power for the pickup device 1 1 is turned off by the laser power adjusting 
unit 24. 

A process of controlling the data recording speed, based on the comparison in the 
multi-comparator 28 between the recording speed and the amount of data remaining in the buffer 
22, will be described with reference to the flowchart of Fig. 4. 

In the preferred embodiment, Smax shown in the flowchart denotes the highest normal 
recording speed; Smax/2 and Smax/4 denote 1/2 and 1/4 of the speed Smax, respectively; and Yl, 
Y2 and Y3 denote 80%, 40% and 20% of a total amount of data connected to a buffer 22, 
respectively, which can be stored in the bxiflfer. 

First, the initialization is made such that the recording speed inputted from the buffer 
checker 27 to the microcomputer 19 is set as a normal state of Smaxl and the amount of data in 
the buffer 22 is set to be greater than Yl (SlOl), 

Such an initialization is taken in consideration of the fact that the most significant address 
for the data in the buffer, which indicates the amount of data in the buffer 22, is always kept 
greater than Yl at the speed of Smax, when the host system properly transmits the data to the 
buffer 22. That is, the initialization is made as a normal recording state. Thereafter, the 
microcomputer 19 checks whether the amount of data is less than Yl, in order to check whether 
the data transfer rate is lowered due to unexpected situations and the amount of data occupied in 
the buffer becomes less than a predetermined value (S 102). 

If the amoxmt of data is greater than Yl, the steps following step SI 01 is executed. If 
the amount of data is less than Yl, the microcomputer 19 temporarily turns the laser power off 
and reduces the speed of the spindle motor 25 so as to reduce the recording speed to Smax/2. 
Then, after the speed of the spindle motor becomes stable, the recording process is resumed 
(S103). 

After the motor speed is recovered, the microcomputer 19 checks whether the amount of 
data in the buffer is greater than Yl (SI 04). 

If the amoimt of data is greater than Yl, the recording speed is increased to Smax in the 
same manner as above (SI 05). Then, it returns to the step following step SI 01, and the 
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recording process resumed at the recording speed of Smax. However, if the data transfer rate is 
not recovered and the amount of data is less than Yl, it is checked in a next step SI 06 whether 
the amount of data is less than Y2. If the amoimt of data is less than Y2, it is returned to step 
SI 03. If the amount of data is less than Y2, the laser power is turned off and the speed of the 
motor 25 is decreased such that the recording speed is reduced to Smax/4 corresponding to the 
lowest speed in the preferred embodiment (SI 07), and then the recording process is resumed. 

Subsequently, it is checked whether the data transfer rate of the host system is recovered 
and the amount of data is increased to a value greater than Y2 (SI 08). If the amount of data is 
greater than Y2, the laser power is turned off and the speed of the motor 25 is increased, thus, the 
recording speed is increased to Smax/2 (SI 09). Then, it is retumed to the step following step 
SI 03 and the recording process is simultaneously resumed. 

If the amount of data is not greater than Y2 in step SI 08, next step SllO checks whether 
the amount of data is less than Y3 and corresponds to the lowest state. If the amount of data is 
not less than Y3, it is retumed to the step following step S 1 07. If the amount of data is less than 
Y3, the microcomputer 19 causes the spindle motor to rotate while the laser power is tumed off 
for a certain period of time. Then, if the amount of data still remains less than Y3 even after the 
certain period of time, it is regarded that the buffer underrun phenomenon has occurred due to an 
abnormal condition of the host system. Accordingly, the recording interruption is taken as the 
corresponding measures. 

According to the optical disk data recording method of the preferred embodiment, since 
the recording speed can be variably adjusted in accordance with the data transfer rate of the host 
system, the recording error such as the buffer underrun phenomenon can be prevented without a 
significant reduction in the recording speed. 

In the preferred embodiment of the present invention, an address associated with the 
intermpted recording process is stored in PMA (Program Memory Area) so that it may be 
possible to conduct an additional recording process for other areas subsequent to a specific area 
in which only the data currently operated are corrupted. Therefore, although the data cxirrently 
recorded in the specific area is corrupted, the other areas subsequent to the specific area can be 
used for the additional recording of the data. 

This preferred embodiment is configured to prevent the buffer underrun phenomenon by 



8 



variably adjxisting the recording speed according to the amount of data remaining in the buffer. 
On the other hand, according to another preferred embodiment, if the amount of data remaining 
in the buffer is small enough to cause dangerous conditions, the data transfer rate of the host 
system is checked in a state where the recording speed remains unchanged but the laser power is 
turned off. Then, if a normal data transfer rate is recovered within a certain period of time, the 
interrupted recording process is immediately resxmied. Further, if the data is still not transferred 
even after the certain period of time, the microcomputer performs the same measures as 
mentioned above. 

Effect of the Invention 

According to the optical disk recording/reproducing apparatus and method of the present 
invention as described above, the amount of data remaining in the buffer is checked and then the 
recording speed etc. are adjusted in accordance with the checked amount of data. Thus, the 
recording process can be controlled so that the recording speed is variably adjusted according to 
the data transfer rate of the host system or the recording process would be temporarily delayed. 
Therefore, there is an advantage in that the buffer imdemm phenomenon can be avoided, 
preventing the disk from being destroyed or damaged. 

(57) Claims 

1. A data recording method using an optical disk recording/reproducing apparatus, 
comprising the steps of: 

assigning an amount of data remaining in a buffer to a plurality of addresses, and sending 
a notification signal to a microcomputer whenever the amount of data deviates from a 
predetermined value assigned to each address; 

turning off a laser power and increasing or decreasing a spindle motor speed so that a 
recording speed can be varied according to the notification signal, and then resuming a recording 
process after the speed becomes stable; and 

intermpting the recording process if a certain period of time lapses after the amount of 
data in the buffer becomes less than the lowest value. 
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whereby the recording speed can be variably adjusted according to a data transfer rate of 
a host system and a buffer underrun phenomenon can also be prevented. 

2. The method as claimed in Claim 1, wherein the recording speed is adjusted to half the 
current speed or double the current speed whenever the amount of data deviates fifom the 
predetermined value. 

3. The method as claimed in Claim 1, further comprising the step of storing an address 
associated with the intermpted recording process into a PMA. 

4. A data recording method using an optical disk recording/reproducing apparatus, 
comprising the steps of: 

sending a notification signal to a microcomputer when an amount of data in a buffer 
becomes less than the lowest predetermined value; 

resuming a recording process if the amount of data is recovered above the lowest 
predetermined value within a certain period of time after turning off a laser power in response to 
the notification signal, and 

interrupting the recording process if a certain period of time lapses after the amount of 
data in the buffer becomes less than the lowest predetermined value. 

5. An optical disk recording/reproducing apparatus, comprising: 
a bxiffer; and 

a buffer checker for identifying an amoimt of data remaining in the buffer notifying a 
microcomputer when the amount of data becomes less than the lowest predetermined value. 
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Fig. 1 
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Underrun) &^0l ^^8MI £|DI OjlOIOII O^QiaS aiOl^ld m^S Jill S^M A|>:gj2£ Oil d-l Oil All XI S a$8|:7|| £|0l D\ 

m^&s ^Bsn Prirafe nmixi Xmm as aioias ^ei oiai^ii sfe &*se^Pfe ssisoi sjist 
P- 



mhn s ^^,ss ^^&^sii2i shis^ a-efsioi aas, ai^iusi ^£:?t a-»3i !=ajji win eiae 
e^oi &aafe sp^a :?m xHasasi :>i^^afi noii ©a ^e^ias i^mAi^iiTiu afe :>mM §ai xia 
Aiuasw. :7i^oii£is g^xi^^ 4^ sib 3P:i:a s SPr^iasi g^ae sisse ^sias em sip. 



= o — ^ o — > o 
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oj^ra omi oioigoii sashfe B3)ia. sa^son aja ?i^^£:?f Dmazm sao\xi m^m us ^ee aasi 
mm acHam olla^8^E^ eg ^sss 8ni saia. 

s ^§21 SE omsi ga>i32i ^i^sas ^a±H D\mjsi^sx\m A^gs^o^ aioiam ^l^8^fe gfswi siw/d. tHin 
UI2I aiois^oi ^§»s saoia ra ohoigoii sesFfe bjwsi. sm^soii ojei aioixi m^jg 112 sjxh ^ 



XIOM SlCHAt. -fef^l IHfflUIOII yOf SJife t3IO|ElifM fiheJSf3 3 QIOIEIirOI SXHii 0I8FS SB 016 OJOlgOII S 

oi8( & ^Aioiioii cHShoi s.&m sz&oi M^aa. 

S E20II EAIS bF2f SOI SSH2I Sa>i3 :7|^IHaSaO||>M Wffl(22)0|| ^OF Sl= QIOIEIge ete!8ffe tHIH 

Xll3J(Buffer Checker)(27)M Wffl(22)0ll a^8^E^ S 32010. 

s nasi a^e easi mu±3. D\mm&sx\s m^m&. §s ?iss d^b ^xhoii Qi8hoi/Hfe s^. 
ejgv^M Ai-gohoj oieoii oie ?«isja sss ^sj&a. &^:3i win sm(27)2i uome £ 3£i M^iESf 

Q. 

^. Wffl fll5^(27)fe Wffl(22)UI GIOiEISI SXIStSI 0iHeilri:2J Sa:i:32| :?|^^EB blUShOl D\m^S.m 5/! 

aSA|9PI 9{& SiOttJSM &aSh:>1U SEfe A|>:iJ(2C)2| Olfe^AI0llfe aiOIH m«5§V(24)SI ^SM gB8ffe 

»ioiii!SB g^as^£^ 8tfe gEigffla!oiei(28)s ?«aoi 9iQ, 

gEisiHaioi9(28)si flioitisfe Dhoia(i9)oii ^nxin o^olt!iJ9)g 01 fllo^<ys:»^ ej^ae_A)fi6Js xHa¥ 

(15) S ?S^(14)fi S8f0j 39(25)51 SIOfeHSiW UI^^EB Ji\0\o\D\U aiOIH »9IS§¥(24)« S8^01 

.519(11)21 aiOIXH m9|2| :?Bm §X|A|9|£^ Mo\&a. 

S &S2I win fll?1(27)0||AI 3|^^E 9i Wffl(22)0|| <dQ[ Slfe QIOIEIifm gE|gIIiai0iei(28)IlJ bIJiiShOj PI^^Efi 

»ioi8jfe &aoii a^3^o^ e 421 ms^ »Me s^g\o\ ss&o. 

S ^AIOIIOIIAI, MS^»SU|2| Smaxfe S^^:>\m ^E^/d :»fS ^S^ES UEItii 5!0I22. Snia/2a SmaxMfe 
Smax2| 1/22f 1/42| ^ES_UEiy! 310IO. Ylfe WfflyOil XHS§4' 2ife SXii QIOiH^g 80%, Y2fe 40%. Y3fe 

20%s uay 310ICJ. 

ajH. WW »i9i(27)s omia(i9)Hs a^afe ui^^e s wih(22)ldsi caioia^m s^^faej smaxi, vi oi^ 
o£ &o.(sioi). 

Olfe S>iM Al:i:l!0l §&»5ios QjOiaS Wffl(22)S a^&aS ^E SmaxWIAl Wffl(22)U|2| QlOia^SI WfflOli. Slfe 

0101921 S4^9i eixisi(oiEai:i:)s yi e &^ehs sxiefcife §s siesw §^:ji^ fe^EHs s^isi 8^fe 
2!oia. oioj □foiadg)^ oipixi seh goi s^sfoi s^^eijj ioixiti! sio\ wmui2i aioiagoi oishs g 

«I3SPI 9IgH Df0|g(19)S QjOIQgOl Y1 OlofejDf ohyiis aia&P(S102). 
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Y1 oisp^ oiUEi& S101 97ti am^s. mmmn. qioiei^oi yi o\9\om □hoi€(i9)s sai aioixi nf^s 

m eEI(25)2J S^A|31 :7|^^£g Sraaj/22S e^SAIfJi? :i:E!e SSSI ^E:?h ^►§£ie O^OlaS DAI 31^ 

xH?HeD(sio3). 

.ojoia(i9)s a^^E:?f si^swa) wffl(22)Ui2i ciioiEigol YI oi&^ejxi ohbixiM aiaem(si04). 

aioiQgoi Yi oife^oiBja mst mm g^^^s ^i^^es sraaxEs §:7^Am^(s105) S101 &Dncim2.m. m&s\ 
« smax :}\m^5.o\\M j\mm jx^mii s^^suf ^?iaxi aof caioia^F yi 014^01 ofueie am &?ii(soi6)oiia) qi 
oiagoi Y2 ois^e!:J^ omxiM aiasK)!, y2 ol8^^^ o}uete sio3 ^esm y2 oiSFefa. aioin mmm us. 

±imm 29(25)£l ^SEM S^AI31 S fe'AIOIIOIIAISJ a^a^EHg! SmaMSS asa£^ &^ 

a(so7). 

010) s.^^ A\±&2i simsoiM QioiEigoi Y2 oi^ss ^^ssifexi o^yxl« ala8^o^(S108). y2 oi^oi 

?ie ^ll0lx^ ni-^ig nn ^mm 20(25)21 e^Ai3i ^i^^eb sina/2S ge^(sio9), S103 e^ti amss. m 
sAioii j\mm mn^o. 

SIO8 &7II0IIA) QIOIEIirol Y2 OI^OI O^UEf^ H e:'ll(S1 10)011 A) QIOIEI^OI £IXH&>^EH&i Y3 018^217^ OI-yXIB »l 

asFoi Y3 ol8^^^ omaa sio7 ams-s. m&sm aioiagoi ys oisFsm □foig(i9)g aioin m^sis mm 
se^ s»i :!be!M eae ga? agAieioi sjusFoiE y3 ol8^sJ 6}EH:?h ^xiaae Ai^hssi oi^ss sjsh w 
ffl eiaa a&^oi S4S& 5!2s ^^^s^01 oioii ^ssj^ s»s! pi^geg ^ishs^ eia. 

^171 ^Aioiioii £je s ssoii 2I& sa:i:32j :7i^gfao)i sisha S:*:^ ai^iBsj s^^eoii ^gsh^ii ^s^jo^ 
^^sa :)mM3\D\ wmm s xisfstoi tnin gjaeia as ^|sollel3^ g.^xls^?^l aa. 

s ^^ssi ^►31 ^AiojiwiAife exH ^agoiae aioiae^ ^^mb\ii n oi^si s«s ^:7p|soi :7^^8^£^ 

PMA(Progroni Memory Area)0|| itPI ^SOI §93 fflWe 2!01¥£^ SESAM Pl^gOIStS QlOISfe dl^ ^4^aCH£}£ 

3 01^21 g^s ^:7pi^oi :?^fes^£^ & 4- aa. 

nam ^^i ^aiohsj graoiiAife mmoii teroj si= qioiejsi ifoii mst ui^^sm :?hBAi3iBAi win acnag 
s.m 8h3 siou. s 8msi ^Aioiife miaoii aohsife g?oi 9iee sss sipiiga ijis^^^ ^Qig ^xi&a 
alolx^ iif9ia iis.m s>;m ai^iSsi a^^sg xiiasfoi g§ pi^hhwi a^^siJh §4f4fEHS ae sbhs g 
Bs piHSfgg xH3Hsm mm:>mo\ a2^s^o^£ aoi^-aioia^j s^axi ohU8m moiaoi a^e uha 
£ sxifi ^8t£^ s^fe g^eoia. 



oi4f3f &s s ^►ssi sP:i:a 3i^xHa§a s nsi :7i^g^aoii sisfs, miHmoii sife Qioia^g aiasm oig e 

-}\^0k OhOiasj e# HIOISOSMI Al^igSI a^^EOII ^g8f5|| feS^oS 3feAI9IP1U 

SAi xiaAi9i£s j|ioiS4= 5ai:3i DHsoii mffleicHam oiig^e 4= sin ois eisH a^aiJj & 

:J^Jj|t^^£lfe g #oi aafe 9ioiy muf^f sia. 



s^s 1. sp>ia :>i^iH«s§xis A^§8^ol aioias pi^sffe g^aoii aioiAi. tHmmoii yo^ aife Qioia^e ^ 
4»2i oiEai:i:S ?ss)oi ^§sh3 01 aioia^oi ^ ^sxis soi^oh o^a o^o|go^l ea6^fe b^iisi, ^oi sa^js 
oil oj£f ui^^e:?) umaE^ aioixi m^e Jin >ias saei ^es asa^ :>i^m xH^H^fe e^im. 
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Ai>:ii2i aioiH a^^Ewi fe^gsKM ui^^Eg pteeaf eAioii mm aaae ollg^s^£E^e.^ sprirasi :)|^g.^a. 

3. HI1S0II siOiAi. 4^31 :?i^2fao| geAioii iiDisraoi g&s ojHai:ii pmaoii ^l^s^fe bjhb a ^di& 

4. $a:^B :7|^XH^SXIg A^SStOt QIOIEIg IH^Sh^ gISOil £lO|Ai. WniUSi QIOIEjgTOI ^SX\ 

oms. son oFoiaoii sao^fe B5iia. se^isoii msi aioin m^iB n^i ^sxi^os aioiagoi si^m ohjf 
s^s @^ gsuizioi ^al^s^e sssje^ 8^fe 95iia ?bisg ^sss sffe sa>i32i 

n 3 taioia^oi s§a sixiai ols^s ae ois moiaoii sasfs^ & mm ai^ie ^bisFfe sq^b iji^xh^sxi 
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1112 

mmm- 



14:igtj!)lfl5 

18:3— K^tfe^ 
20:^;:^ h 
22:/<iy 7t 

21: .^^V y T ^ yiJ — 



2z■.^m.7'—■^^mu 

25. 26:^ — ^ — 
28:-=?'/V'^=' U— t^- 
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(Buffer Underrun) 3^5^^ U^.eu^=t 9 {C^fitri-Ji^TO^ Ltz'O l5^5ril3g$-li:T 

L-c ATip mmm^-^^i^'t^m^-^^mi2) ±te.^\i°yi^r^yy{ii)<Dmti 

^(13) ±fa^7-it^$P(l3)om;^7^-^5'^ft-^^3®LTi^-4^1t-^<^|g^-t- 

■§-^^^fP(i2)cD ATIP i^«fg-i-^-r=i-T^>f >i/Li:m;'3L. ^t-g-e^^m-^?:^^ 

=r— ^i^irT^r"— T^^r ^'i/ U.Tffi;'^-!-^ — KlS^^gB (18) i: . _tlEi^— /"K^tS 
^(15)Oi^— 7}?ft-^, ±IB7^i^^/^MM(l6)(0-l^— 7K^Jfi^m-^^T^Jbl2=i— 
mifl5(i8)co7^3— T^-f ^^i/$n:/hATiPl^S^fB-i-oA;ti^^(t-r5tf=^'r ^iJ' (i)/55iHl 
te-r-S J: 51-^— i?^ — (25)^iE»j-rs<bl^B#(c, _blS5t t° 5/^5^X5/ ^(11) (^:7;i- - 
^iy^i/<t 5/ drVi/^ig»)bT3fe fix iJ'T 5^7^(11) ;6S^ib-r Set 31-^—^5' 
- (26) ^mWiir^mW)^ (14) i . _blS{t#^fifeSl5 (12) REC ^^ 7 p< - <!: i^- 
#«-§-*2;SlH5(l5)cD1^— :^ft-i-<^A;tl^^ttT|EMJPft-^^m;^ v^^t^^^ 
Wt-S-^-f s^-dQ) _h|5-^^ ='>'(19)<Dit^(C^oT*:;=^ h {20) (Dt"—-^ 
4 ^^^5^ — 73: — ^ (21)^iip-CA;^ UT=i— K^^^(18)<753iV3 — i5^~t^m;'3 
-r-Sv^ry-^T (22) i:. _hlE=i— K^^lfPdS) -0^^="— > 1^ ^ ntzm^^i^im 
^^fse^y^— ^J^t-^f^-T'Sx— i5'^M(23) i:. ±I5'^'< =1 ^(l9)<DfE^^Jfi^fS-^ 
ct "9 ±157"— ^1^^ (23) 0)7^— ^ ^ ±15 3t li'y^Tyy (11) T'^y^ ^' ;^ 

(10) iCfS^-r -5 J: 9 I/— r7 ^ 17 -ptS $p (24) T-«^ ^ tfC V ^ 



-3- 



KIM & CHANG 



<7 (10) h X - ^ ^m^J^,Ayt^:m^■^t^i"iE^■±l^^ (12) i^^m $ n 
ROM 7^- $ n 5 o 

^ =7 (13) {c-e;!. r <Dm^\-tnw-^^m^^^u (15) a;^ $ n-c f «y 

^ T 5/:7'-(ii) -^^f^ :^ ^ T nc^^^^^^^J^i"S J: o 

— ptT^^^i^ (10){C|5«^Lcfc 0 ^-r^^'g'l^fi-^'f =i^(19)0*g7j^(Ct^o-C7}^ 
>^ h (20)T'-r — — ^jlC-C/^5/7r (22)tC'e;t^nfc7'— ^^5=1 

— K^^^(18)cDa^^^=' — i?'— ^IrilC-CEFM^t-^fcf^-^'ft^ix. :ic^ EFM {g-^fi^ 

— i5^^ii^?P(23) ty^!7— |Stfig|5(24) <lr^* t° 5/ T 5/ 7^(11) Id-eiS ^ 
T^^^i^ (10) (C^-fribtLS J; 5{-^i5o 

r (D^{ift_hof5^^^^^}t-r -5 J: 9 f^f— ^i^m-^^s^p (15) \%^m.um%%- 

^ =1 - K^m^ (18) . "f— 9 (23) my--^-^ 3 (19) iCiH I? . r tD{t-§-t^S<3 

VN-C-^'f =1 ^(19)«^-?!7— |^tfilFP(24)(7)^— •^^V^•!7-^|^g^i-rSo — 

*fc. -^-r 3i/(i9)fi^-<5/:77'(22)rt(^7^— iS'.i: L-C#^LTV^6*><^'55i»^$r56^^ 
LT^^ :y 7 T (22) iJ' ^^fey^^- ^ iJ' (10) iCfS^-T 

^5-e^cev^##{4^— i^V^°!7 — ^^oT/-J^^ h(20)(C^7-p< :yir — 

bd^'b. >^ i5^fEms:^ii«{i^7'-Y ;^ iJ' (10) Ky'-^^^mrt^^'k 
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tTV^—^>' (Buffer Underrun) ^^/SS^^i-^ J: 9 l-''cC . Z(Dm^'^^=^> 
^l?^S«^fflV>-C7^— ^5'^l^^-t■5:^fe^-*5V^T, ^^^'^tP^C^oTV^St^— 
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'oX\^^^y^—-^&^^Mi~^^<yyT'f-^ 5/;^ — (Buffer Checker) (27) ^v^^/^r 
(22) {C^/^-r S J: 9 b CO S o 

w^m^t^v^^■t^o ±my<yyT^:i-y^—(27)<Dmf^^7jk-rtm3 (dz/^ y^m(o 

ip-^. y^5/^T^^5';& — (27)fi/^iy7T (22)l^<7)7^— iJ'cOfti^iSife^iSc^T Kl^ 
i: 7t ^ iJ' <^f5^iiS 5r b TlE^if ^ ^ T 5^ ^/ ^ ^i: 5 i6 (^^^ 
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{1 r ^^»J^^m^;5> A;tl ^ n 5J?«-^^tO;S$P (15) i5.r/ig»ja5 (14) ^ii c -c^ 

-^-(25) CDit^^$iJta-r-5 r <ir tvl i o-ClS^itSf ^^J^ ^fcfi U-ify?r7_ 
HiS^ (24) <^ii CT t° 5^ ^ T T'dl) <^ i^V■?!7 — <D^Kj&f?ih ^-^irS J: 9 

(Oy< 5/ 7 T 5=- a. iy ;{7 — (27) -^15^5^ ^>RT>V^ 5/ 7 r (22) (c^ o T ^ ^ -5 7"- 
^5'a^-^/l-5^=' i? — (28) ^ltt5?b-Cf5^jS^^M-t-6;^?£{C0V^Tlll 4 

;$:|IW!){C:fcV>-C. 5^-^— hpfc3(75 Smax {iJES■IE^3^>S■Cft'bi^V^it^^:^ 

Lfc'b(??X'fc«9,Smax/2 i: Sraax/4 Smax 1/2 t 1/4 (Om^^^l^tih 

(^T'fcSo ^b-C. Yl {i^<5/7TF*3t-*&*rt^tL#S^<2|S7=^— ^a^^cD 80%. Y2 
40%. Y3 « 20%^:^Lfct<^1?fc'5o 

3fe-f . ^<y7T^zc^y^ — (27) t^h-^^ (19) {C A;'J $ tt^fSltji^^tJ^^^ 5/ :7 
T (22)1^(^7^— ^J'^^^IE^t't^T'fc -5 SmaxU Ym±{c:^U^{b-r 6 (SlOl)o 

rniS. bv'^^.T^J^yilSjESl-T'— iJ'^^^iv^T (22)lC'jS5^-rix{^3i^ Smax 

x^)(iYl J: ^?;'^t^cC^bt^^^t^^■t-Siv^5^.^^^bfc>^><?5T^ ZE^IE^ttSt-IU 

^-fk-r s i^(Dx^^o m^x-r^ =1 (19) {x^nx^fa-h^-^ fz:Lt i^x^m 

y^ir^fcibiZ'^^ =^>' (19) Yl iiXTXh^t^if 0 ^^^^=>=- y-^-t^ 

(S 102)0 

Yl i^JlTT-T^fttnf^s SlOl ^|5g<D?fclc:/v-f^>'U. Yl J!^T-Cfoti«-v^ 

:/(19){t bf^ b < 1f/-?!7 — ^^o-Cx^ t'^^ K/V'^—iJ' — (25)C»3^^ilri^3i 
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it-^^ =1 :yitnxj^tE.mi^m^nm-r^ (sio3)o 

±-C'*)575^if 9 75-5:5^31 5/ (S104)o 

r^-^ft/i^ Yl Jl^JL±-C'*i>nf^tfraiC^ J; 5 Jfc(^-:^^T'ia^igS^ Smax (:iii:>)P$itfc 
^(S105). S101^|5g(7)2fe{OU— 5^:/bTSmax|S^jS^-ClE^^^5lb, -(Hil^i*^ 
;6S^!lt-a:-rtC7^-i5';5SYl JiJJli-C-T'^lttLf^^fccZ^^PgCSOie) T-t^'— Y2J£iLT-efc 
5;0><if 9*^^^:1:5/ bT. Y2JlJ;lT-C-?i{tixtf S103^PttCyU-^^L. Y2J!^TT' 
fcnf^ l^— ■^^V>?!7 — i^^o-C^ K/V^— i?' — (25)<^i$^SrMjS$-1i:TIE^)^ 
^^:^m^mziH-f^mi&ikmX'i)^ Smax/4 d^^^-rS J: 5l-bfc^. 12^^^^ 
l|-t-5(S07)o 

if 5 ^>Sr^i iJ^ UT (S108) . Y2 SX±X^Mu—*fy<':'~-^m^X^ t°^^ K/i-^ 
-^5^ — (25)C03g^^tijt^-ti:-Cl5lta*^^Smax/2 (^_btf fc^ (S109) , S103 ^I5g(75 

jyc^T'fe-S Y3 i^;^TT'fcS55i^i:*9 5/i5^ LT Y3 i^J^T-C^cfltttfi* S107 ^|5g(^ 
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<Dmi$Hii^lJUt5.^^^'^m^£^ 0 PMA (Program Memory Area) i^^^ iL^i^M'i^ ^m 
(57)W3i?:(7)®Sffl 
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ftjjt^ 3.^ l^{c^3v^T.±f^I^sif^llco'^'»f^{:l»tii^f^ll7)^4'^$n/cT k 
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